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Summary: The cholesterol of lipoproteins, separated electrophoretically on thin layer agarose films, is visualised
and quantitated by incubating the gels in an enzymic reagent containing cholesterol esterase and cholesterol
dehydrogenase. The individual fractions are quantitated by scanning densitometry. No sample pretreatment
is necessary. All major fractions are detected readily. The accuracy of the determination is similar to that of
ultracentrifugation. On average, imprecision is 3.1% for ß-, 7.0% for preß-, and 4.8% for ot-lipoprotein
cholesterol. Concentration and colour development are linear up to 8 mmol/1 cholesterol in a given lipoprotein
fraction. The results from the direct enzymic procedure for ß-, preß- and oc-lipoprotein cholesterol are compared
with those from quantitative lipoprotein electrophoresis after precipitation with phosphotungstic acid and
bivalent cations and with those from different precipitation methods using dextran sulphate and polyethylene
glycol.
The new method has several advantages: high specificity; lack of dependence on the actual composition of
the lipoproteins; lack of interference from coprecipitated proteins in the gel, e. g. fibrinogen or paraproteins;
and insensitivity to lipolysis and high free fatty acid concentrations caused by heparin application or ageing
of the specimen (at least for a-lipoprotein cholesterol quantitation). In its convenience and simplicity of
Operation, and the simple calculatiön of results, the method is similar to Standard protein electrophoresis.
The proposed method is therefore suggested äs a Standard method for elucidating lipoprotein disorders.
° method is based on polyanion precipitation of elec-
Aseriesof epidemiplpgicäl and clinical studies (l — 4) trophoretically separated lipoproteins and densito-
has shown the significance of serüm lipoprotein frac- metric measurement of the relative amounts of ß-,
tions in the development of coronary heart disease. preß-, and -lipoprotein. The cholesterol contentmust
This has led to an iiicfeased demand for lipoprotein then be calculated from the protein moieties with
detennination and the quaütitatioü of their individual empirical factors. The derivation of these factors im-
lipid content. A variety of methods has been devel- plies a constant lipoprotein/lipid ratio, a prerequisite
oped in order tö avoid the expensive and time-con- not always füllfilled. The precipitation of lipoproteins
summg use of ultracentrifugal procedures. Either se- in agarose gel depends on temperature, incubation
lective differential precipitation of lipoproteins (5 — 8) time, composition of the lipoproteins themselves and
or quantitative lipoprotein electrophoresis (9 — 13) on the composition of the precipitating agent. This
have been proposed äs methods of choice. The latter leads to distinct differences in the lipid concentration
of the separated subfractions (9, 12, 14-16). In ad-
> OnVheoccasion of the 25* anniversary of the Gennan Society «» , *e lipoprotein composition may vary in sev-
for Clinical Cheraistry (cf. Editorial, this J. 27, 529 (1989)) eral diseases e.g. coronary artery disease (17) and
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diseases accompanied by hypertriacylglycerolaemia
(18) - e.g. diabetes mellitus, nephrotic syndrome,
various forms of renal and liver diseases — or after
drug Intervention (19), leaving considerable doubt
about the specificity and accuracy of these methods.
Several efforts to assess lipoprotein cholesterol di-
rectly after gel electrophoresis (20, 21) failed because
of technical problems, or lack of linearity, or high
diffusion rates after staining.
Recently we reported a technique for enzymic deter-
mination of cholesterol-containing lipoprotein classes
. after electrophoretic Separation on thick layer agarose
gels (22).
In this communication we present a method using
thin layer agarose gels which allow a considerable
reduction of the electrophoresis and staining time,
and convert the procedure into a truly convenient
laboratory method.
Materials and Methods
The enzymic cholesterol reagent was prepared with the follow-
ing final concentrations/activities:
— Cholesterol esterase (EC 3.1.1.13, from microorganisms),
(0.4 kU/1) and NAD (0.5 mmol/1), both from Boehringer
Mannheim, Mannheim, FRG.
— Cholesterol dehydrogenase from Nocardia spec. (0.14 kU/1)
from Wako Chemicals, Osaka, Japan.
— Phenazine methosulphate, (0.03 mmol/1) and 4-nitroblue
tetrazolium chloride, (0.16 mmol/1) from Serva, Heidelberg,
FRG.
- TRIS-HC1 buffer (57 mmol/1), pH 8.0.
— Test kit for the quantitative lipoprotein electrophoresis LIP-
IDOPHOR ALL IN (Immuno Diagnostica, Vienna, Aus-
tria).
— Thin layer gels were prepared on 7 cm 8 cm gel bond
foils (Serva, Heidelberg, FRG) using l g/l agarose (Standard
EEO, Serva, Heidelberg, FRG) in 4ml barbital-glycine
buffer (50 mmol/1, pH 8.6).
- Testkits for precipitation of LDL and HOL (QUANTOLIP
LDL Cholesterol and QUANTOLIP HDL Cholesterol,
both Immuno, Vienna, Austria).
— All other chemicals used were analytical grade.
Control material
Human pooled serum and a commercially available control
serum (Lipidophor R, Immuno Diagnostica, Austria, Vienna)
were used in the precision studies and for the determination of
linearity and recovery.
Patients
Blood specimens from fasting patients were collected from the
antecubital vein and allowed to clot at room temperatüre. Most
patients had high cholesterol and/or high triacylglycerol con-
centrations but they were not preselected according to the
Fredrickson classification. Specimens from heparinized patients
were excluded. The lipoproteins were separated within 4 h after
sample collection.
Lipoprotein Separation by electrophoresis
Method I: Enzymic determination of lipoprotein cholesterol
The sera (ca 5 ) were applied in düplicate to the thin layer
gel via a foil slit, and- allowed to diffuse for 10 minutes. The
electrophoresis was earried out at 10 V/cm for 35 minutes. The
tank buffer was barbital-glycine, 50 mmol/1, pH 8.6.
The entire gel foils were incubated in the enzymic cholesterol
reagent äs described above while gently agitating for 2 hours
at room temperatüre or örie hour at 37 °C (22). After incuba-
tion, the gel foils were washed in 1% acetic acid for 15 min to
remove the excess phenazine methosulphate and nitrotetrazo-
linum blue and dried with forced air. The relative amounts of
cholesterol in the purple bands produced by the enzymic
method were determined by scanning at 570 nm, and the ab-
solute quantity in each band was derived from its relative
content and the known value for total serum cholesterol.
Method H: Precipitation of the lipoproteins (23)
The method was performed äs recommended by the manufac-
turer (Immuno AG, Vienna, Austria). The lipoprotein choles-
terol was calculated using the empirical equatioii of Wieland &
Seidel (9, 23).
One technically delicate step is the neccessity to premix the
serum with liquefied agarose, to apply this mixture to the wells
free of air bubbles, and to subseqüently seal them with agarose.
Other drawbacks are the extended electrophoresis time of 80
minutes, and the total precipitation time of 3 hours.
Lipoprotein Separation by ultracentrifugation
The lipoproteins were separated into very löw density lipopro-
teins (VLDL), low density lipoproteins (LDL) and high density
lipoproteins (HDL) by preparative ultracentrifugation essen-
tially äs described by Neubeck et al. (9). The ultracentrifugation
was performed for 22 h for VLDL and LDL, and 48 h for HDL
in a Beckmaii L5.50 ultracentrifuge using a 50 Ti rotör at
11000#. After centrifugation the lipoprotein fractions were
thoroughly washed on a molecular membrane filter (Mr 30 000)
and stabilized in an albumin solution (50 g/l), followed by
detennination of cholesterol and triacylglycerols with a com-
mercially available test combination from Boehringer Mann^
heim, Mannheim, FRG (24, 25). The purity of the isolated
lipoproteins was tested by electrophoresis. For recovery exper-
iments, aliquots of lipoproteins. with known cholesterol content
were subjected to lipoprotein electrophoresis and detected by
the enzymic procedure.
Statistical methods
The methods were compared according to Passing & Bablok
and the correlation was analysed by KendalPs -test (26, 27).
Results
The most effeetive staining was achieved by gently
agitating the gel foil in the enzymic cholesterol re-
agent. The kinetics of the coföür development in the
lipoprotein fractions indicated that the end-poirit for
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the reaction was reached within one hour at room
temperature, even for samples with cholesterol con-
centrations of 15 mmol/1 (22). The colour of the
formazan compound faded very gradually, but we
saw no alteration in the quantitative distribution of
the bands after storage for 3 days in the cold. No
diffusion of the bands was observed. The background
staining increased noticeably if the gel was not incu-
bated in the dark. The excess of the reagent could be
washed out with dilute acetic acid. Thereafter the gels
could be dried and stored. Under dry and dark con-
ditions the banding remained stable for at least one
year, so that the foil is suitable äs a permanent record.
Linearity
To establish concentration limits, a patient's serum
with high total cholesterol was run in serial dilutions.
In addition, we used purified lipoprotein fractions
from the ultracentrifugation, with known cholesterol
contents. Each spedmen was electrophoresed twice
and scanned by densitometry.
Figure l illustrates the results. The data are presented
äs lipoprotein cholesterol concentration vs. densito-
metric area equivalent. Linearity was demonstrated
up to 8 mmol/1, indicating that there is little risk of
depleting the reagent. This allows the measurement
of low a- äs well äs elevated ß-lipoprotein cholesterol
concentrations with the same procedure.
Precision
Sera from 3 patients with different total cholesterol
and triacylglycerol contents and the control serum
30-,
'5 20-
10-
Cholesterol [mmol/l ]
10
Linearity: A patient's serum with high cholesterol con-
tents and purified lipoprotein fractions from the ultra-
centrifugation were serially diluted. Each specimen was
electrophoresed twice and scanned by densitometry. The
different slopes were caused by different optical ampli-
fication factors.
D ß-lipoprotein-cholesterol (patient)
O ß-lipoprotein-cholesterol from LDL (ultracentrifu-
gation)
n -lipoprotein-cholesterol (patient)
o -lipoprotein-cholesterol from HDL (ultracentrifu-
gation)
Lipidophor R were used äs samples. The sera were
run 12 times. The lipoprotein cholesterol was meas-
ured (tab. 1), and the mean and the coefficient of
Variation were determined.
Tab. 1. Precision studies within run.
(mmol/1)
Total triacylglycerols
(mmol/1)
Control serum Sample I Sample II Sample III
N
Total cholesterol
12
3.31
12
4.28
12
10.35
12
6.34
4.80* 1.05 1.65
* Mainly free glycerol
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6.12
iß-Lipoprotein
cholesterol
Preß-Lipoprotein
cholesterol
a-Lipoprotein
cholesterol
X
(mmol/1)
2.29
0.24
0.78
CV
(%)
3.8
9.8
4.4
X
(mmol/1)
3.01
0.18
1.09
CV
(%)
2.2
6.8
3.1
X
(mmol/1
8.74
0.29
1.32
CV
(%)
2.4
6.4
4.8
X
(mmol/1)
4.12
1.36
0.86
CV
(%)
4.1
5.3
6.8
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Accuracy
The accuracy of the method was established by com-
paring our values with those obtained from well de-
fmed lipoprotein fractions. Aliquots of purified LDL-,
VLDL- and HDL-fractions with known cholesterol
contents were electrophoresed and scanned after en-
zymic staining. The results are shown in figure 2a—c.
The recovery of the lipoprotein cholesterol after elec-
trophoretic Separation agreed quite well with the di-
rectly determined cholesterol contents of the LDL-,
VLDL- and HDL-fractions.
Comparison with the LIPIDOPHOR method
This proposed method was compared with the method
of Wieland & Seidel (9, 10), which is generally ac-
cepted s being representative for the estimation of
cholesterol in lipoproteins (9 — 13), at least from a
normal healthy population. The scatter plots are
shown in figure 3a—c. The highest agreement was
found for thev cholesterol content of the -lipoprotein
fraction (r = 0.984). The coefficient of correlation for
the α-lipoprotein cholesterol fractions was slightly
lower (r = 0.954). The difference of the intercepts and
slopes from the theoretical values are negligible. The
comparison of pre -lipoprotein cholesterol determi-
nations showed slightly higher values for the enzymic
procedure, the coefficient of correlation being 0.947.
Figure 4a—c presents the comparison of the enzymic
staining technique with the direct precipitation tech-
niques in the serum. Both precipitation techniques
showed acceptable agreement with the enzymic stain-
ing technique. The values for LDL cholesterol were,
however, slightly higher, whereas those for HDL chol-
esterol were about 10% lower than those measured
with the enzymic staining technique. Hence, the cor-
relation of pre -lipoprotein cholesterol with the
VLDL cholesterol, calculated from the triacylglycerol
according to the Friedewald equation, was not ac-
ceptable (r = 0.752).
Fig. 2a-c. Accuracy: Aliquots of purified LDL-, HDL- and
VLDL-fractions with known cholesterol contents
(x-axis) were electrophoresed and scanned by den-
sitometry (y-axis) after enzymic staining. Regfes-
sion procedure was performed according to Passing
& Bablok:
a: n = 51, y = 0.97x + 0.141, r = 0.995;
b: n = 23, y = l.OOx - 0.026, r = 0.979;
c: n = 47, y = 1.091x - 0.126, r = 0.972.
The confidence belts indicate the r nge for a single
predictive value at α = 0.05.
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Discussion
The cholesterol content of the fractions isolated by
ultracentrifugation agreed excellently with that deter-
mined by electrophoresis combined with the enzymic
technique. This confirms the accuracy of the choles-
terol determination in the separated bands. The ß-
lipoprotein cholesterol values measured by the new
technique correlated very well with ß-lipoprotein chol-
esterol determined with the Lipidophor System. The
correlations for preß-lipoprotein and a-lipoprotein
cholesterols were nearly äs good. The comparison of
the different precipitation techniques also showed sat-
isfactory agreement. On the whole, the three tech-
niques showed good methodical agreement for all
lipoprotein fractions.
The interassay precision of the method for normal
values approached that reported for quantitative li-
poprotein electrophoresis (15, 28). At higher values,
the CV's slightly exceeded the CV's reported by Wie-
land & Seidel for the Lipidophor System using Lipi-
dophor control serum (8.4%, 4.3%, and 5.5% for
preß-, ß-, and -lipoprotein, resp.). On the other hand
Maerz & Gross reported CV's in the order of 9-20%
(15).
With respect to linearity, the method is superior to
that of Cobb et al. (20). There is no need to dilute
samples with high cholesterol Contents, which in turn
would inevitably lead to a reduced detectability of the
-lipoprotein fraction.
All lipoprotein fractions, chylomicrons usually in-
cluded, contain sufficient cholesterol to be readily
detected by this method, except for Lp(a)-cholesterol
which evades correct quantitation because it comi-
grates with VLDL lipoproteins in the preß-band. An
impla.usibly high preß-lipoprotein cholesterol com-
pared with the triacylglycerol content may indicate
the presence of Lp(a).
0 1 2 3 4
a-Lipoprotein cholesterol (enzymic staining;) [mmol/l]
Fig. 3a—c. Quantitation of lipoprotein cholesterol after elec-
trophoretic Separation. Comparison of the enzymic
procedure and the so-called quantitative lipopro-
tein electrophoresis after phosphotungstic acid/
MgCl2 precipitation. Regression was determined by
the geometric method according to Passing & Bab-
lok:
a: n = 140, y = 0.986x + 0.052, r = 0.984;
b: n = 140, y = 0.943x + 0.005, r = 0.947;
c: n = 140, y = 1.042x + 0.004, r = 0.954.
The confidence belts indicate the ränge for a single
predictive value at = 0.05.
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The enzymic technique allows a specific and direct
determination of lipoprotein cholesterol, while the
quantitation of cholesterol after electrophoresis by
the precipitation technique relies on the postulate of
a constant lipoprotein cömposition. The precipitation
technique after electrophoresis has additional disad-
vantages. The results depend upon the temperature
(12). The precipitation behaviour of fresh sera is dif-
ferent fröm that of aged and lipölysed sera (e. g. after
heparin therapy). The method is sensitive to copre-
cipitation of proteins other than lipoproteins. Fibri-
nogen coprecipitates äs well äs päraproteins, leading
to an overestimation of the lipoproteins. This is par-
ticularly crucial for päraproteins in the ß- and a^-
region, Atypical lipoproteins must be precipitated
with special Solutions at a defined pH.
These limitations also hold true for qualitative lipo-
protein electrophoresis according to Noble (29). The
Friedewald equation (30) for the quantitation of li-
poprotein cholesterol is of limited accüracy (31).
It shöuld also be mentioned that lipoprotein-X
(Lp(X)) can be separated and quantified with the säme
electrophoretic procedure (data not shown here).
The described technique avoids several inconveniences
inherent to the Lipidophor system. It is a practicäl,
precise and accurate method for the determination of
lipoprotein cholesterol, and it obviates the time-con-
suming and expensive uitraceiitrifugation technique.
In summary, the direct enzymic determination of li-
poprotein cholesterol after electrophoretic Separation
has the following advaiitages:
— High specificity
— Independence of the actual cömposition of lipo-
proteins
— Direct qualitative evaluation of the üppprotein
electrophoresis and direct quantitation of the chol-
esterol content in the individual lipoprotein baiids
— Elimination of interference from eoprecipitated
proteins in the gel, such äs fibrinogen or pärapro-
teins
Fig. 4a—c. Comparison of the enzymic staining procedure with
the direct precipitation method in serum, using
dextransulphate/MgC!2 for LDL and polyethylene
glycol for HDL; VLDL cholesterol was calculated
according to the Friedewaid equation. Passing &
Bablok:
a: n = 40, y = 1.12x + 0.48, r = 0.98;
b: n = 50, y = 0.90x - 0.1, r = 0.913;
c: n = 48, y = 1.14x -f 0.33, r = 0.752.
The confidence belts indicate the ränge for a single
predictive value at = 0.05.
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— Simple procedure on Standard equipment
— Insensitivity to lipolysis and high free fatty acid
concentrations caused by heparin application or
ageing of the specimen, at least for the a-lipopro-
tein quantitation
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